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ABSTRACT 

	[bookmark: _Hlk209085243]Aims: Enhancement of crop yield largely relies on the extent of genetic variability present within the breeding material. A study was conducted on cowpea germplasm lines to evaluate variability in growth and yield related traits, including days to 50% flowering, days to maturity, plant height, number of primary branches per plant, number of secondary branches per plant, number of clusters per plant, number of pods per cluster, pod length, number of seeds per pod, 100 seed weight, and seed yield.
Study design:The experiment was laid out in a Randomized Complete Block Design (RCBD) with two replications 
Place and Duration of Study: College of Agriculture, Navile, Shivamogga, Keladi Shivappa Nayaka University of Agricultural and Horticultural Sciences (KSNUAHS) during Kharif 2024.
Methodology: 62 germplasm lines including two checks, collected from AICRP on Pulses, UAS, GKVK, Bengaluru. Data was recorded and statistical analysis was carried out using R software
Results: The analysis of variance revealed the presence of significant differences among germplasm for all traits studied. High genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability coupled with high genetic advance as per cent of mean were recorded for traits plant height, number of secondary branches per plant, number of clusters per plant, test weight and seed yield per plant suggesting predominance of additive gene action and scope for improvement through direct selection. 
Conclusion: Through this study, it is clear that yield improvement programs could prioritize traits like number of secondary branches per plant, number of clusters per plant, 100 seed weight and seed yield per plant in breeding programmes.




Keywords: Cowpea, GCV, PCV, Heritability, Genetic advance as per cent of mean

1. INTRODUCTION 

In Africa, Asia and parts of the Americas, cowpea serving as a major source of dietary protein, vitamins, and income for millions of smallholder farmers (Singh, 2020; Gbedevi et al., 2021). Its ability to withstand drought, fix atmospheric nitrogen, and adapt to marginal soils further underlines its importance in sustainable agricultural systems (Yasin et al., 2021).
Understanding the extent of genetic variability within cowpea germplasm is essential for effective crop improvement, particularly for traits associated with yield, biotic and abiotic stress tolerance, and nutritional quality (Gupta et al., 2023). Previous reports have highlighted significant variation in agronomic and morphological traits, providing opportunities for selection and hybridization (Meenatchi et al., 2022; Abha & Meena, 2024).
Recent studies in diverse environments confirm the presence of wide variability in cowpea. Yasin et al. (2021) demonstrated considerable morpho agronomic diversity among Ethiopian genotypes, while Gbedevi et al. (2021) revealed strong genetic structuring in Togolese accessions using DArT markers. Similarly, research in India by Gupta et al. (2023) and Abha & Meena (2024) reported high heritability coupled with substantial genetic advance for yield related traits, suggesting the predominance of additive gene action. In addition, Meenatchi et al. (2022) identified broad variability and high genetic gain potential in segregating populations, reinforcing the importance of characterizing cowpea germplasm for selection.
These findings emphasize the need for systematic variability studies to identify promising genotypes that can be used in breeding programs aimed at developing high yielding, stress tolerant, and nutritionally rich cowpea varieties.
2. material and methods 
The experimental material comprised 62 diverse cowpea [Vigna unguiculata (L.) Walp.] genotypes, including two checks, collected from AICRP on Pulses, UAS, GKVK, Bengaluru. The investigation was conducted during Kharif 2024 at the experimental plots of the College of Agriculture, Navile, Shivamogga, under the jurisdiction of Keladi Shivappa Nayaka University of Agricultural and Horticultural Sciences (KSNUAHS), Shivamogga, Karnataka. The experiment was laid out in a Randomized Complete Block Design (RCBD) with two replications. Each genotype was grown in three rows of 3 m length, with spacing of 50 cm between rows and 20 cm between plants. Recommended agronomic and plant protection practices were adopted to ensure a healthy crop stand. For each replication, five randomly selected plants per genotype were tagged for recording observations. For traits such as days to 50% flowering and days to maturity, data were recorded on a plot basis, while yield and related traits were measured on plant basis.
The data were subjected to analysis of variance (ANOVA) following RCBD to test the significance of differences among genotypes. The ‘F’ test was used to assess statistical significance at 5% and 1% probability levels. When significant differences were detected, the critical difference (CD) was computed to compare treatment means. Further statistical analyses included the estimation of genetic variability parameters such as phenotypic and genotypic coefficients of variation (PCV and GCV), heritability (h²), and genetic advance as per cent mean (GAM).
3. results and discussion

3.1 Analysis of variance
	The analysis of variance (ANOVA) is a critical tool in plant breeding experiments as it helps in partitioning the total variability observed in the experimental material into components due to treatments (genotypes), replications, and error. In the present study, the ANOVA revealed highly significant differences among the evaluated cowpea genotypes for almost all the traits studied, including days to 50% flowering, days to maturity, plant height, number of primary and secondary branches per plant, number of clusters per plant, number of pods per cluster, pod length, number of seeds per pod, test weight and seed yield per plant (Table 1). The presence of significant mean sum of squares for these traits indicates that the genotypes were genetically diverse and that sufficient variability exists in the experimental material for further genetic studies and selection.
Such significant variability is desirable in any crop improvement programme because it provides the raw material for selection and genetic gain. The results are consistent with earlier findings in cowpea where significant differences among genotypes were reported for various morphological and yield-related traits, suggesting the presence of considerable genetic variation in the germplasm pool (Hulsure et al., 2022; Kiran et al., 2020). The observed variability also reflects the broad genetic base of the germplasm used, which enhances the prospects of identifying promising lines for yield and yield-attributing traits. Furthermore, significant variation for seed yield and its component traits suggests that the potential for selection and improvement in these traits is high, thereby making them the key targets in future breeding strategies.
Variability studies
	In plant breeding, the choice of an appropriate breeding strategy largely depends on the extent and nature of genetic variability present in the population. Variability parameters such as the genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, and genetic advance as per cent of mean (GAM) provide important insights into the magnitude of genetic diversity, the relative contribution of genetic and environmental factors, and the type of gene action governing trait inheritance.
In the present investigation, relatively high values of GCV and PCV were observed for plant height, number of secondary branches per plant, number of clusters per plant, test weight, and seed yield per plant (Table 2). The close correspondence between PCV and GCV values for these traits, with PCV being only slightly higher than GCV, suggests that environmental influence on their expression is minimal. This indicates that most of the variation observed is due to genetic factors, thus confirming that these traits are amenable to effective selection. These findings are in accordance with the reports of Gangashetty et al. who also documented higher variability for yield and its contributing traits in cowpea germplasm.
High heritability estimates, particularly when coupled with high GAM, are of paramount importance to plant breeders as they signify the predominance of additive gene action. In this study, traits such as plant height, number of secondary branches per plant, number of clusters per plant, test weight, and seed yield per plant exhibited both high heritability and high GAM (Figure 1). This clearly demonstrates that these traits are largely governed by additive genetic effects, and hence, direct selection for their improvement would be effective and rewarding. The substantial genetic advance expected from selection further strengthens the reliability of these traits as potential indicators of genetic gain.
On the other hand, traits that exhibited moderate GCV and PCV with moderate heritability may still respond to selection but would require more intensive breeding strategies such as recurrent selection or population improvement schemes to achieve appreciable genetic gain. Traits with lower variability and heritability estimates may be more influenced by environmental effects, implying that direct selection may not be effective for their improvement.
The overall results suggest that the cowpea germplasm under study possesses ample genetic variability for yield and its associated components, which is a prerequisite for realizing progress through selection. These findings are in close conformity with the results reported by Ayo-Vaughan et al., who emphasized the importance of high heritability coupled with high genetic advance in identifying traits amenable to direct selection in cowpea improvement programmes.



Table 1: Analysis of variance for yield and yield attributing traits in cowpea germplasm lines
	Source of variation
	Degrees of    freedom
	Mean Sum of Square

	
	
	DFF
	DM
	PH
	NPB
	NSB
	NCP
	NPC
	PL
	NSP
	TW

	SY

	Replication
	1
	2.11
	0.56
	47.18
	0.0015
	0.01
	0.49
	0.12
	2.10
	1.63
	1.60
	9.83

	Genotypes
	61
	38.06**
	74.94**
	441.91**
	17.62**
	22.32**
	17.13**
	0.24**
	19.32**
	15.51**
	44.77**
	60.50**

	Error
	61
	4.62
	2.69
	22.96
	0.51
	0.51
	0.61
	0.06
	3.00
	1.30
	0.64
	6.71

	CD @ 5%
	
	4.30
	3.28
	9.58
	1.43
	1.43
	1.56
	0.49
	3.46
	2.28
	1.59
	5.18

	CD @ 1%
	
	5.72
	4.36
	12.74
	1.90
	1.91
	2.07
	0.65
	4.60
	3.03
	2.12
	6.89

	CV %
	
	3.86
	2.03
	8.74
	7.00
	7.23
	9.65
	10.66
	10.28
	8.56
	5.72
	13.49

	S.Em
	
	1.52
	1.16
	3.39
	0.51
	0.51
	0.55
	0.17
	1.22
	0.81
	0.56
	1.83



** Significant at 1% * significant at 5% DFF- Days to fifty percent flowering, DM- Days to maturity, PH- Plant height, NPB- Number of primary branches, NSB- Number of secondary branches, NCP- Number of clusters per plant, NPC- Number of pods per cluster, PL-Pod length, NSP-Number of seeds per pod, TW- Hundred seed weight, SY- Seed yield 
Table 2: Mean, range and genetic variability parameters for yield and yield attributing traits in chickpea germplasm lines

	Traits
	Mean
	Range
	PCV
(%)
	GCV
(%)
	h2 (bs)
%
	GAM
(%)

	
	
	Min
	Max
	
	
	
	

	Days to 50 per cent flowering
	55.69
	47.87
	64.74
	8.30
	7.34
	13.39
	78.34

	Days to maturity
	80.81
	68.61
	93.81
	7.71
	7.44
	14.78
	93.06

	Plant height(cm)
	54.85
	35.24
	96.51
	27.80
	26.39
	51.61
	90.12

	Number of primary branches per plant
	10.21
	4.31
	18.39
	29.48
	28.63
	57.30
	94.36

	Number of secondary branches per plant
	9.91
	2.92
	17.96
	34.10
	33.33
	67.09
	95.50

	Number of clusters per plant
	8.07
	2.29
	15.07
	36.89
	35.60
	70.78
	93.15

	Number of pods per cluster
	2.30
	1.75
	3.47
	16.93
	13.15
	21.05
	60.35

	Pod length(cm)
	16.83
	9.41
	24.41
	19.84
	16.97
	29.90
	73.15

	Number of seeds per pod
	13.32
	7.99
	19.12
	21.76
	20.01
	37.90
	84.54

	100 seed weight(g)
	13.93
	3.55
	24.87
	34.21
	33.73
	68.50
	97.20

	Seed yield(g/plant)
	19.21
	4.04
	30.02
	30.18
	27.00
	49.76
	80.03
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Figure 1: pattern of gcv, pcv, heritability and genetic advance as percent of mean for various traits in cowpea germplasm line

4. Conclusion
	The cowpea germplasm evaluated in the present study exhibited significant variability for growth and yield related traits. Traits such as plant height, number of secondary branches per plant, number of clusters per plant, test weight and seed yield per plant recorded high GCV, PCV, heritability and genetic advance as per cent of mean, indicating the presence of ample genetic variation and effectiveness of selection. Hence, traits like plant height, number of secondary branches, number of clusters per plant, test weight and seed yield per plant can be prioritized for selection and further improvement in cowpea breeding programmes.
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